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We explore the possibility of detecting HI 21cm absorption by the neutral intergalactic medium (IGM) toward 
very high redshift radio sources, and by gas associated with the first collapsed structures, using the Square 
Kilometer Array at low frequency (100 to 200 MHz). The epoch considered is between the time when the first 
ionizing sources form and when the bulk of the neutral IGM becomes ionized. Expected IGM absorption signal 
includes ~ 1% absorption by the mean neutral IGM (the radio 'Gunn-Peterson' effect'), plus deeper, narrow lines 
(> 5%, a few km s _1 ) arising in mild density inhomogeneities with typical values of cosmic overdensity 5 ~ 10, 
precisely the structures that at later times give rise to the Lya forest (the '21cm forest'). Absorption can also 
arise in gas associated with collapsed structures (5 > 100), including 'minihalos' (< 10 7 Mq) and protodisks 
(> 10 8 Mq). We consider SKA sensitivity limits and the evolution of radio source populations, and conclude 
that it is reasonable to hypothesize the existence of an adequate number of high-z radio sources against which 
such absorption studies could be performed, provided that reionization occurs at z < 10. Lastly, we discuss 
the possibility of 'line confusion' due to radio recombination lines arising in the ionized IGM. Overall, SKA 
absorption studies should provide a fundamental probe of the thermal state of the neutral IGM during the epoch 
of reionization, as well as critical insight into the process and sources of reionization. 



1. Introduction 

The epoch of reionization (EoR) presents a key 
benchmark in the study of cosmic structure for- 
mation, signaling the time when the first lumi- 
nous structures form in the cosmos. Furlanetto 
et al. (this volume) introduce the physical pro- 
cesses and questions involved in reionization, the 
current observational constraints on reionization 
(Gunn-Peterson absorption troughs and large 
scale polarization of the CMB), and the unique 
capability of the SKA to study the neutral in- 
tergalactic medium (IGM) via HI 21cm emission 
observations (or absorption against the CMB). 
HI 21cm emission observations probe large scale 
structure in the IGM (> 10 13 M Q ), including 



structure in density, excitation temperature, and 
fractional ionization. 

In this chapter we describe observations aimed 
at studying HI 21cm absorption toward the first 
radio sources within the EoR. The neutral IGM is 
opaque at rest wavelengths shorter than Lya such 
that study of objects, and the IGM, during this 
age will be limited to observations at wavelengths 
longer than about 1/iin. However, the weakness 
of the magnetic hyperfine transition makes the 
IGM translucent to HI 21cm absorption. Col- 
umn density sensitivity for absorption studies is 
set only by the surface brightness of the back- 
ground source, thereby allowing absorption stud- 
ies to probe to orders-of-magnitude lower 'masses' 
than can be detected in 21cm emission. 



"The National Radio Astronomy Observatory (NRAO) is 
operated by Associated Universities, Inc. under a cooper- 
ative agreement with the National Science Foundation. 
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2. 21cm absorption by the neutral IGM 

2.1. Simulations of the IGM during reion- 
ization 

Carilli et al. ]2] present a detailed study of 
HI 21cm absorption by the neutral IGM dur- 
ing reionization. We review their results herein. 
Their analysis relies on the simulations of Gnedin 
|1 1| . These simulations include the three main 
physical ingredients required to model neutral hy- 
drogen absorption in the redshifted 21 cm line: 
inhomogeneous small-scale structure of the uni- 
verse, radiative transfer, and accurate treatment 
of the level populations in atomic hydrogen. The 
simulations are normalized in such a way as to re- 
produce both the observed star formation rate at 
z ~ 4 and the observed evolution of the mean 
transmitted flux in the spectra of two z ~ 6 
quasars. We can therefore expect that these sim- 
ulations are at least representative of the physical 
processes involved, with the caveat that some of 
the details, such as the exact redshift of reioniza- 
tion, or assumptions about radiative transfer, re- 
main uncertain. In particular, these simulations 
have not been adjusted for possible early reion- 
ization, as suggested by the recent WMAP results 

A fundamental parameter in predicting the HI 
21cm absorption characteristics of the IGM is the 
behavior of the excitation temperature of the HI 
(the 'spin temperature', Ts). Tozzi et al. [*T7] 
showed that during the EoR the excitation tem- 
perature is likely to be in excess of the CMB tem- 
perature due to the standard Wouthuysen-Field 
effect, i.e. resonant scattering of the ambient Lya 
photons emitted by the first ionizing sources (at 
higher densities collisions with electrons and neu- 
tral atoms also play a role) . As the structure de- 
velops, the kinetic temperature Tk increases both 
due to shock heating of the gas in high density 
regions and X-ray heating in low density regions. 
However, as the Lya excitation rate P a does not 
increase very fast with redshift, the spin temper- 
ature: 
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called "thermalization " rate |13ll7j '). increases 
at a slower rate, because the spin temperature 
becomes independent of the kinetic temperature 
when the latter gets very large. The 21 cm optical 
depth therefore depends on the evolution of the 
kinetic temperature of the IGM, which in turn de- 
pends on processes such as shock heating, the ion- 
ization history, and the X-ray background. The 
particular simulation described here is thus one 
example of the possible 21 cm forest evolution. 

Figure 1 shows physical quantities along a rep- 
resentative line of sight through the simulation 
box at three different redshifts [z = 8,10,12), 
with redshift indicated by the line color. The top 
panel shows the HI 21cm transmissivity of the 
neutral IGM at high velocity resolution (0.5 kHz 
= 1 km s _1 at 150 MHz). The abscissa for this 
panel is velocity. The middle panel shows the 
kinetic and spin temperatures of the gas. The 
bottom panel shows the neutral hydrogen den- 
sity structure. The abscissa in these two cases is 
the corresponding comoving physical scale. 

Most of the variations in transmissivity seen in 
Figure 1 are due to mild density inhomogeneities 
with typical values of the cosmic overdensity 6 ~ 
10, precisely the structures that at later times 
give rise to the Lya forest. Because these struc- 
tures are typically filamentary, they are at first 
shock-heated to about 100 K. At z < 10 resonant 
Lya scattering further increases the gas temper- 
ature to several hundred degrees. At the same 
time the first HII regions start to appear - one of 
them manifests itself in the sharply lower neutral 
hydrogen density at the right edge of the bottom 
panel at z = 8. 

The optical depth, r, of the neutral hydrogen 
to 21cm absorption is: 

1/2 
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(here P th = 7.6 x lO^s^l + z) is the so- 



where xui is the neutral hydrogen fraction, and 5 
is the cosmic overdensity |17j . Figure 2 shows in 
two panels the joint distribution of the spin tem- 
perature, Ts, and neutral hydrogen density (in 
units of the mean hydrogen density), xhi(1 + S), 
of gas along random lines of sight at two redshifts: 
z =12 and z = 8. These parameters, plus Tqmb, 
dictate the HI 21m optical depth via equation (2). 
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Figure 1. The upper panel shows the transmitted 
radio flux density over a relatively narrow veloc- 
ity range (700 km s" 1 ) assuming HI 21cm absorp- 
tion by the neutral IGM (from [2]. Three differ- 
ent redshifts are displayed: z = 12 (red-light), 
2 = 10 (violet-medium), and z = 8 (blue-dark). 
The abscissa for the upper panel is velocity, while 
that for the middle and lower panels is the cor- 
responding comoving physical scale. The middle 
panel shows the kinetic (bold lines) and the spin 
(thin lines) temperature of the the neutral IGM 
over the range of distances that contribute to the 
velocity range indicated on the top panel. The 
bottom panel shows the neutral hydrogen den- 
sity. 
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Figure 2. The joint distribution of the spin tem- 
perature, Tg, and neutral hydrogen density, £hi(1 
+ S) (in units of the mean hydrogen density) of 
gas along random lines of sight at two redshifts: 
(a) z — 12 (upper panel) and (b) z — 8 (lower 
panel). The solid curves indicate constant HI 
21cm optical depth, r, as labeled 0- 
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The solid lines in Figure 2 are iso-r curves, for 
t = 0.002, 0.01, and 0.05. At z = 12 most of the 
IGM has t ~ 1%, and some of the high density 
regions reach r ~ 5% and above (a finite size of 
the computational box limits our ability to trace 
the high r tail of the distribution). These higher 
t points typically have relatively narrow velocity 
widths, as low as a few km s -1 (Figure 1), im- 
plying HI column densities of order 10 19 to 10 20 
cm . By z ~ 8, Lya heating of the low den- 
sity gas increases the mean spin temperature to 
above 100 K and the mean IGM optical depth has 
dropped to r ~ 0.1% (although cf. 0]). However, 
narrow, higher r absorption lines that form in the 
still neutral filaments are still easily identifiable. 

2.2. Simulated spectra of high redshift ra- 
dio sources 

These cosmological simulations can be used to 
generate synthetic HI 21cm absorption spectra, 
including the noise characteristic of the SKA. For 
the SKA parameters we assume an effective area 
of 5 x 10 5 m 2 at 200 MHz, two orthogonal po- 
larizations, and a system temperature of 250 K 
(100 K from the receiver and 150 K from diffuse 
Galactic emission 2 ). We also make the simpli- 
fying assumption that the ratio of effective area 
to system temperature remains roughly constant 
down to 100 MHz, as could arise in the case of a 
low frequency array composed of dipole antennas, 
and hence that the sensitivity is constant across 
the frequency range of interest (100 MHz to 200 
MHz). We adopt a long, but not unreasonable, 
integration time of 10 days (240 hours). These 
parameters lead to an expected rms noise level 
of 34/iJy in a 1 kHz spectral channel. We as- 
sume that the correlator will provide at least 10 4 
spectral channels over a 10 MHz band, implying 
a channel width of 1 kHz = 2 km s . We also 
assume that the spectral bandpass determination 
will be at least as good as current telescopes, and 
presumably considerably better (10 4 over 10's of 
MHz). 

The sources being considered correspond to 
powerful radio galaxies for which the emission 

2 The contribution to system temperature from diffuse 
Galactic nonthermal emission behaves as frequency -2,75 
in this frequency range. 



mechanism is non-thermal (synchrotron) radia- 
tion from a relativistic plasma of electrons and 
magnetic fields. In most such sources the spec- 
trum can be described well by a power-law over 
the frequency range of interest (0.6 GHz to 3 GHz 
in the rest frame). 

Figure 3a shows a simulated spectrum at 1 
kHz resolution of a z = 10 radio source with 
a flux density of 20 mJy at an observing fre- 
quency of 120 MHz. The implied luminosity den- 
sity at a rest frame frequency of 151 MHz is then 
P 151 = 2.5 x 10 35 erg s" 1 Hz" 1 . The on-set of HI 
21cm absorption by the neutral IGM is clearly 
seen at 129 MHz. The general continuum level 
drops by about 1% at this frequency due to the 
diffuse neutral IGM. Deeper narrow lines are also 
visible to frequencies as high as 170 MHz. At 
around 130 MHz (z — 9.9) there are roughly 5 
narrow lines with r > 0.02 per unit MHz, while 
at 160 MHz (z = 8.9) the redshift-density is lower 
by a factor of 10 or so. 

Figure 3b shows a simulated spectrum at 1 kHz 
resolution of a z = 8 radio source with S120 = 35 
mJy, again corresponding to P151 = 2.5 x 10 35 
erg s _1 Hz -1 . The depression in the continuum 
due to absorption by the diffuse IGM is much less 
evident than at higher redshift, with a mean value 
of t ~ 0.1%. The deep narrow lines are still easily 
seen, but at lower redshift-density than is found 
at higher redshifts. 

Limits to the detection of absorption by the 
neutral IGM are considered in detail in 2 . In 
terms of detecting the deeper narrow lines, the 
line redshift-density is such that we expect about 
two to three narrow lines with t > 0.02 in the 
range z — 7 to 8. In order to detect such lines at 
5cr at the sensitivity levels considered herein re- 
quires a continuum source of S120 = 11 mJy. The 
most effective method for detecting absorption by 
the neutral IGM is to look for a change in the rms 
noise level in the spectrum as a function of fre- 
quency, since a sharp increase of the rms noise 
level above the system noise is expected at the 
onset of HI 21cm absorption. These simulations 
suggest we should be able to detect the on-set of 
HI 21cm absorption by the IGM at the 5a level 
toward a source with S120 = 6.5 mJy at z = 8. 
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Figure 3. upper panel: The simulated spectrum 
of a source with S120 = 20 mJy at z = 10 using the 
a spectral model based on Cygnus A and assum- 
ing HI 21cm absorption by the IGM 2 j. Thermal 
noise has been added using the specifications of 
the SKA and assuming 10 days integration with 
1 kHz wide spectral channels. The onset of ab- 
sorption by the neutral IGM is seen at 129 MHz, 
corresponding to the HI 21cm line at z = 10. 
lower panel — Same as 3a, but for a source 
with S120 = 35 mJy at z = 8. 



2.3. Physical diagnostics 

It is important to emphasize that the struc- 
tures giving rise to HI 21cm absorption prior to 
the epoch of reionization are qualitatively differ- 
ent from those seen after the universe reionizes. 
After reionization the HI 21cm lines arise only 
in rare density peaks (5 > 100) corresponding to 
(proto)galaxies, ie. the damped Ly a systems. 
Prior to the epoch of fast reionization the bulk 
of the IGM is neutral with a measurable opac- 
ity in the HI 21cm line. The absorption seen in 
Figure 3 arises in the ubiquitous 'cosmic web', as 
delineated after reionization by the Ly a forest 
PQ. The point is simply that the Ly a forest as 
seen after the epoch of reionization corresponds 
to structures with neutral hydrogen column den- 
sities of order 10 13 cm" 2 to 10 15 cm -2 , and neu- 
tral fractions of order 10 -6 to 10 -4 ^Hj- Before 
reionization these same structures will then have 
neutral hydrogen column densities of order 10 19 
cm" 2 to 10 20 cm" 2 , and hence may be detectable 
in HI 21cm absorption. 

In general, the spectra shown in Figure 3 show 
that the structure of the neutral IGM during the 
EoR is rich in temperature, density, and velocity 
structure. Studying this structure via HI 21cm 
absorption lines will offer important clues to the 
evolution of the IGM at the very onset of galaxy 
formation. In particular, the recent discovery of 
polarization of the CMB on large angular scale |Hj 
suggests that reionization may be a complex pro- 
cess, extending from z ~ 20 down to z ~ 6. Such 
complex reionization could alter substantially the 
thermal state of the neutral IGM, thereby chang- 
ing the absorption properties. For instance, Cen 
|3] concludes that HI 21cm absorption may be 
an ideal diagnostic to test for an early epoch of 
reionization. 

3. Absorption by collapsed structures 

3.1. Mini-halos 

In addition to the filaments and sheets that 
are part of the cosmic web, 21 cm absorption 
offers the opportunity to observe individual col- 
lapsed structures. The most important of these 
are so-called 'minihalos,' which are collapsed ha- 
los whose virial temperatures are too small for 
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atomic hydrogen cooling to be efficient (T vir < 
10 4 K). Without cooling, the gas is unable to 
form stars, and it collapses only to a characteris- 
tic overdensity ~ 200. These minihalos therefore 
become small absorbing clouds in the IGM, anal- 
ogous to HI clouds in our own galaxy. 3 

Furlanetto & Loeb ^U] have recently consid- 
ered 21 cm absorption from these objects (see 
Fig. 4). A typical minihalo absorption line has 
an optical depth of a few percent, assuming that 
the line of sight passes within the virial radius of 
the halo, and a width of a few km/s (determined 
by the virial temperature of the minihalo) . They 
used a simple structure formation model to pre- 
dict the number density of minihalo absorption 
lines, dN/dz ~ 4-10, comparable to the expected 
number of absorbers from the cosmic web. (Note 
that minihalos are too small to be resolved by 
most numerical simulations, including those dis- 
cussed above, so they constitute an independent 
absorption mechanism.) Distinguishing the two 
kinds of absorbers (mini-halos vs. cosmic web) 
may be difficult, although clustering and line pro- 
files may help. 

Limits on the abundance of minihalo absorbers 
would place stringent constraints on structure for- 
mation models. Furlanetto & Loeb showed that 
the abundance of minihalo absorption lines is es- 
sentially determined by two parameters. First, 
their number density is sensitive to the temper- 
ature of the IGM, which determines the Jeans 
mass. In the absence of IGM heating, simple 
structure formation models predict that more 
than 10% of the gas should sit in minihalos by 
z ~ 12. As the IGM is heated, however, the Jeans 
mass approaches the cooling threshold and mini- 
halos become significantly more rare, for reasons 
similar to those that cause the declining num- 
ber density of absorption features from the cos- 
mic web. Cen |H] and Oh & Haiman have 
argued that minihalos are therefore good indica- 
tors of 'fossil HII regions,' or regions that have 
been ionized and subsequently recombined: be- 



3 If molecular hydrogen cooling is efficient, some minihalos 
can cool to form stars. The efficiency of H2 formation in 
the early universe is controversial 1121 . and is likely only 
to be effective at extremely high redshifts (z > 20), when 
minihalos are still rare. 
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Figure 4. Simulated spectra for HI 21cm absorp- 
tion by mini-halos at z = 9. The different frames 
show the expected absorption for different values 
of the extragalactic Lya radiation field J-21, in 
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cause the temperature and entropy remain high, 
such regions would lack minihalo absorbers. 

The second parameter is the extragalactic Lya 
background, which affects Ts in the outskirts of 
minihalos (see §2.1; the inner regions are gener- 
ally dense enough for collisional coupling between 
the spin and kinetic temperature of the gas to be 
efficient). The UV background therefore deter- 
mines the number density of weak absorbing fea- 
tures (with r < 1%), as shown in Fig. 4. The 
three panels show the same minihalo field as the 
extragalactic Lya background flux is dialed up. 
The weak features rapidly disappear. Thus, like 
the cosmic web, minihalo absorption is also a sen- 
sitive probe of the radiation background through 
its effect on Ts- 

3.2. Protogalaxies 

Halos with T V [ T > 10 4 K can cool through 
atomic transitions. These objects can thus form 
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stars and become "protogalaxies" that are in 
many ways similar to nearby galaxies. In par- 
ticular, they host dense neutral gas clouds. If 
a line of sight intersects such a cloud we would 
expect strong 21 cm absorption. Furlanetto & 
Loeb ^HI also considered these objects. They 
made the simple assumption that these objects 
form neutral disks in order to estimate the num- 
ber density of absorption features. Not surpris- 
ingly, the lines are rare (with dN/dz < 0.1) but 
quite deep (r > 1) and wide (> 10 km/s). Be- 
cause they are such strong features, one could use 
fainter sources in order to search for protogalax- 
ies. Exceptionally luminous starburst galaxies are 
one possibility; gamma-ray bursts with mJy ra- 
dio afterglows are another. The latter are par- 
ticularly interesting because one would expect to 
see absorption from the host galaxy with a high 
probability, which would provide invaluable in- 
formation about the ISM characteristics of high- 
redshift star- forming galaxies. 

4. Radio source populations 

The critical requirement for absorption studies 
is the existence of radio sources of sufficient sur- 
face brightness at very high redshift. A simple 
argument in favor of very high-z radio sources is 
that a radio galaxy and two radio loud quasars 
with luminosities comparable to, or significantly 
larger than, the values required by the SKA have 
already been found between z — 5 and 6 [18110] . 
Extrapolating to z > 6 seems a relatively small 
step in cosmic time. Also, Carilli et al. show 
that the physical changes at high z (such as a 
higher IGM density or high Tcmb) do not pre- 
clude radio galaxies at these high redshifts. 

The question of radio-loud AGN within the 
EoR has been considered in detail by Carilli et 
al. 0, Haiman et al. 0, and Jarvis & Rawl- 
ings (this volume). Carilli et al., and Jarvis & 
Rawlings, take an empirical approach, based on 
observed high z source populations. The evolu- 
tion of the luminosity function for powerful radio 
sources is reasonably well quantified for sources 
with Pi5i > 6 x 10 35 erg s -1 Hz -1 out to z ~ 4 
8 . Beyond this redshift existing surveys are con- 
sistent with either a flat comoving number den- 
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Figure 5. Predicted number of radio-loud quasars 
as a function of redshift with flux densities greater 
than the indicated levels, ignoring the contribu- 
tion of black holes with masses below 10 7 M 0. 



sity, or a steep decline. In cither simple 
extrapolation of the Jarvis et al. luminosity func- 
tion to higher redshift and lower luminosity leads 
to a substantial number of radio sources beyond 
the EoR, even in the very pessimistic case of a 
space density decreasing exponentially with red- 
shift. For a flat co- moving number density evolu- 
tion there will be many sources (1.4 x 10 5 sources 
between z = 6 and 15) in the sky at high enough 
redshift such that HI 21cm absorption during the 
EoR could be observed. Even in the case of a 
steeply declining source population there will still 
be a reasonable number of sources (2240 sources 
between z = 6 and 15) toward which absorption 
experiments can be performed. 

Haiman et al. J7j take a more theoretical ap- 
proach, based on the expected evolution of super 
massive black holes. Again, making reasonable 
extrapolations of known AGN populations, and 
using well constrained models of structure forma- 
tion, they predict a significant number of radio 
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sources into the EoR. Their predicted areal den- 
sity of high z radio sources is shown in Figure 
5. 

Overall, current models and observations of 
radio-loud AGN evolution suggest between 0.05 
and 1 radio sources per square degree at z > 6 
with S150MHZ > 6 mJy, adequate for EoR HI 21cm 
absorption studies with the SKA (see Jarvis & 
Rawlings, this volume, for details). 

5. An SKA search for HI 21cm absorption 
by the neutral IGM 

Even if luminous radio sources exist during 
the EoR, will we be able to identify them? An 
obvious method would to color-select radio-loud 
sources in the near-IR, eg. I-band drop-outs at 
z — 7 or H-band dropouts at z — 15. This could 
be done using near-IR observations of mJy ra- 
dio samples or radio observations of near-IR sam- 
ples. However, this method requires the objects 
be bright at (rest-frame) UV to blue wavelengths, 
thereby limiting the sample to dust-poor, opti- 
cally luminous sources. 

A potentially more fruitful method is to use the 
radio data itself. For instance, Carilli et al. |2] 
show that a running-rms test could be used to de- 
tect sources with anomalously large noise values 
in the relevant frequency range of 100 MHz to 200 
MHz due to the onset of 21cm absorption by the 
neutral IGM. The initial identification could be 
made by comparing the rms for a given source to 
the typical rms derived from all the field sources. 
Once a potential high-z candidate is identified, 
then a second test could be done to see how the 
noise behaves as a function of frequency in the 
candidate source spectrum. In this way one might 
also derive the source redshift from the on-set of 
HI 21cm absorption by the neutral IGM. 

What survey area is required, and how many 
sources need to be considered in order to find a 
radio source in the EoR? For the most optimistic 
model (flat comoving number density evolution), 
the analysis of section 4 showed that there should 
be about 3 sources deg -2 at z > 6.5 with suffi- 
cient radio flux density to detect HI 21cm absorp- 
tion by the IGM using the SKA. The more pes- 
simistic redshift cut-off model based on luminous 



QSO evolution leads to 0.05 sources deg -2 . The 
counts of celestial sources with S1400 > 1 mJy 
have been determined by a number of groups, 
and all values are consistent with: N(> S1400) = 
(0.010±0.002) S^ ±0 - 15 arcmin" 2 , with the 1400 
MHz flux density, S1400, in mJy [201 ■ At the rele- 
vant flux density limits (S1400 ~ 0.5 mJy, assum- 
ing a}fo° = — 1), the surface density of all celes- 
tial radio sources is then about 72 sources deg -2 . 
The implied ratio of sources beyond the epoch of 
reionization to foreground sources is then about 
t^t in the flat evolution model and ttW; in the 

25 1400 

QSO cut-off model. In either case it appears to 
be a tractable sifting problem. 

Another important unknown parameter in any 
21 cm forest search is the ionization history itself. 
Both and ^Oj showed that the absorption sig- 
natures decrease in number density and strength 
as one approaches complete reionization. This 
occurs primarily because the IGM temperature is 
expected to increase to T > 300 K well before 
reionization, through X-ray and shock-heating. 
This decreases the typical optical depth (through 
Ts) and, by raising the Jeans mass, decreases 
the amount of collapsed and collapsing structures. 
Thus we would ideally like bright radio sources to 
exist not just at high redshift but a substantial 
time before reionization. 

Recently, Kogut et al. [HJ measured a high opti- 
cal depth to electron scattering for the cosmic mi- 
crowave background, indicating that reionization 
may have begun at z ~ 20. If so, it will be much 
more difficult to find bright sources before reion- 
ization. Even if one constrains reionization to end 
at z ~ 6 through substantial recombination or 
long phases of partial ionization [312116) . heating 
should accompany the early phases of reioniza- 
tion. Typical lines of sight would resemble Figure 
3b more than Figure 3a, even at z > 10. In this 
case, the lack of absorption features in an other- 
wise neutral medium (perhaps detected through 
its 21 cm emission) would constitute a strong ar- 
gument for an early era of ionization |3I14| . 

6. Confusion 

Foregrounds have been shown to be a poten- 
tial problem when studying HI 21cm emission 
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from the neutral IGM, including confusion by 
continuum sources in the field [5J, and by free- 
free emission from the first ionized structures |15) . 
although a carefully planned, multifrequency ex- 
periment should be able to surmount such difficul- 
ties (see contribution by Furlanetto, this volume). 
Studies of HI 21cm absorption do not suffer from 
these confusion problems for two reasons: (i) the 
expected lines are narrow, as opposed to the very 
broad (continuum) confusion signal, and (ii) ab- 
sorption is best done at high (arcsecond) spatial 
resolution. 

One remaining potential source of confusion in 
the absorption experiments are radio recombina- 
tion lines (RRLs) arising in the first ionized struc- 
tures However, these can be differentiated 
from HI 21cm lines by the easily recognizable fre- 
quency dependent structure of RRLs. Moreover, 
it is likely that at 1.4 GHz (rest frame) the RRLs 
may appear as stimulated emission, rather than 
absorption. Indeed, RRL absorption, or stim- 
ulated emission, seen toward high z radio loud 
sources may constitute another interesting probe 
of the ionized IGM during the EoR. 
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